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Capacitors are required for future
power electronic module designs
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This R&D targets capacitor technology gaps that will
Impede high power inverter design breakthroughs on a
10-15 year development horizon

A Power electronics are required for storage and renewable
Insertion as well as phase, and voltage regulation

A Current wide band gap semiconductor modules can operate with
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A Capacitors will operate at higher temperatures as cooling is eliminatec
and ripple currents increase from high voltalgigh speed switching

A Heating from WBG die and self heating from ripple current
will activate conduction and cause capacitor degradation
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Capacitor Development Thrusts @

A Dielectric Formulation
A Control of insulation resistance
A Control of voltage and temperature coefficients of permittivity

A Reliability
A Assess time to failure of dielectric from IR reduction and breakdown
A Understand the role of manufacturing defects

A Processing Science

A Reduction of sintering temperatures for base metal electrode
Integration

A Packaging Engineering
A Capacitor design for electric field management




Collaboration between TPL, Inc. arﬂﬁlsm

Sandia via DOE TCF

A 20%Bi(ZnTi,)0;-40%SrTig40%BaTiQcomposition (Office of

National
Laboratories

Electricity ca. 2013) transferred to TPL for processing
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TPL, Inc. Produced MLCC with SNim
Dielectric Composition

20%Bi(Zn.,Ti,,)O4;-40%SrTiO4-40%BaTiO; MLLC with 150pum Dielectric Thickness
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A 90nF high voltage MLCC fabricated by TPL, Inc. clearly demonstrates path
to commercialization

Photo and micrograph courtesy of Kirk Slenes of TPL, Inc.




A Class Il Capacitor ldentificationg; s
Challenge is Now Emerging
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Letter code Number code Letter code

low temperature upper temperature Change of Capacitance
Over the Temperature Range

X = 9C5% 1°F) 7 4 = +65 °C (+149 °F) P =+10%

Y = 9aC3Q1°R2 5=+85 °C (+185 °F) R =1+15%

Z = +10 °C (+50 °F) 6 = +105 °C (+221 °F) S =+22%

AA 7 = +125 °C (+257 °F) T = +22/133%

BB 8 = +150 °C (+302 °F) U = +22/156%

cC 9 = +200 °C (+392 °F) V = +22/182%

DD 10=+250 °C? W

EE 11=+300 °C? X

Our industry standards need to capture these novel materials for use in long
lifetime high temperature applications.

A Begin to report p GT)

A Evaluate lifetime and acceleration factors 8




Naming New High Temperature
Dielectrics to Communicate Use Intent

20%Bi(Zn,,Ti,,)04-40%SrTiO,-40%BaTiO,

Sandia
m National

Lahoratories

30 : . .
—100Hz | A Highly volume efficient
dielectrics like X7R may
20 - ~Z9R . h
10°C194°Cc AZ11T+0 |  not meet the temperature
§ 10 - +/-15% 10°C-300°C | requirements of future SiC
S _ +22/-33% | and GaN baseq uncooled
S 4. : \ | power electronics
2 . -
O o ' | A Our dielectric can be
c oOlo! e 4 g
PO 1o ! Ty classified in different ways
g-zo_ ﬁl :% : T 1 that lead to ambiguity for
. 1! the electrical designer
S -30 - S .q-.-"!: i :

o | | N .
= 1o FZ13U+0™ {A We have an opportunity to
-40 - ' 10°C-400°C --"h-i promote the adoption of

: 1o +22/-56% 1 new high temperature
-50 - ——L . - r - naming conventions
0 100 200 300 400

Temperature (°C)

9




yadz A2y NI &A @&

l

63.2% Self Discharge Time

Higher capacitor RC
values are preferred and
indicate that a dielectric is

more insulating

Thermally activated
_ _ mobility leads to reduction
Further improvements to high of RC with increasing

temperature RC are desired temperature
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